! 2! number, expressed in transcripts per million transcripts or TPM. This normalization is invariant with respect to Trimmed Mean of M-values normalization since the correction factor affects both the numerator as well as the denominator of the TPM value (Li et al., 2010; Wagner et al., 2012; 2013) . The distribution of transcript abundances was fitted to a model consisting of a discretized exponential distribution, represented transcripts from repressed genes, and a negative binomial distribution, representing the distribution of abundance values of actively transcribed genes using R. The model suggests that genes with a TPM≤2 are likely from transcriptionally suppressed genes (Nagamatsu et al., 2009; Wagner et al., 2012; 2013) . This threshold is consistent with one obtained by comparing the transcript abundance with the chromatin state of the respective gene (Hebenstreit et al., 2011; Taglauer et al., 2009 ) and we thus classified genes with TPM>2 as expressed and those with TPM≤2 as not expressed in the human endometrial stromal fibroblast data. Because the genomes of the other species we generated RNA-Seq data for are incomplete we used a hybrid approach to infer which genes in those species were expressed, we first identified all genes expressed in human endometrial stromal fibroblast with TPM>2 and then averaged the raw reads mapped per gene per million mapped reads (RMPM) for these genes. This average RMPM value (RMPM=1) was used as the expression cutoff for all non-human species.
Parsimony reconstruction of gene expression gain/loss:
To identify genes that evolved endometrial expression in mammals we combined genes expressed in the human dESC, dNK, dMP, and dEC cells, and used the expressed gene calls for each species (described above).
We used Wagner parsimony to reconstruct gene expression gains and losses using the method implemented in the pars program from PhyML (v2.4.4) . We used Mesquite (v2.75) to identify the number of genes that most parsimoniously gained or lost endometrial expression; expression was classified as most parsimoniously a gain if a gene was inferred as not expressed the ancestral node (state 0) but inferred likely expressed in a descendent node (state 1/[0/1]) and vice versa for the classification of a loss from endometrial expression. We also used Mesquite (v2.75) to identify specific genes that unambiguously gained or lost endometrial expression, expression was classified as an unambiguous gain if a gene was not inferred as expressed the ancestral node (state 0) but inferred as expressed in a descendent node (state 1) and vice versa for the classification of a loss from endometrial expression. This set of genes was used for all examples discussed in the main text and shown in Figures 3-5. Figure 2 ): We used mRNA-Seq data ! 3! generated for 27 tissues availale from the Human Protein Atlas dataset (http://www.proteinatlas.org/about/download) to calculate the tissue specificity index for recruited and ancestrally expressed genes. Following Yanai et al. (2005) the tissue specificity index (τ) is defined as:
Gene expression dynamics (Data show in
where N is the number of tissues (N=27), and x i is the expression level of each gene normalized by the expression level of the tissue in which that gene is most highly expressed.
To characterize the expression of ancestrally expressed and recruited genes throughout the human menstrual cycle we used Affymetrix Human Genome U133 Plus 2.0 Array data from human endometrium sampled during the proliferative, early secretory, mid secretory, and late secretory phases of the menstrual cycle generated by (GSE4888). We used Affymetrix Human Genome U133 Plus 2.0 Array data from human endometrium samples treated with trophoblast conditioned media generated by (GSE5809) to determine the transcriptional response of ancestrally expressed and recruited genes to paracrine signals from the trophoblast. We used Agilent-014850 Whole Human Genome Microarray 4x44K G4112F data from the endometrium of humans with unexplained infertility and normal fertile controls generated by (GSE16532) to determine if ancestrally expressed and recruited genes were differentially expressed in the endometria of infertile women. Gene expression levels from these datasets were analyzed using the GEO2R implantation of the limma R packages from the Bioconductor project.
Gene function annotation:
Genes recruited into endometrial expression in the Mammalian, Therian, and Eutherian stem-lineage were annotated based on their mouse knockout phenotypes and Gene Ontologies (GO) using data available at the Mouse Gene Informatics (MGI) database. Enrichments were calculated using VLAD:
http://proto.informatics.jax.org/prototypes/vlad/.
H3K4me3 and H3K27ac Chromatin Immunoprecipitation-sequencing (ChIP-Seq):
Human endometrium stromal cells were grown and decidualized as described above, 48 hours after cAMP/Progesterone treatment cells were harvested, resuspended and chemically crosscording to their genomic location using GeneLoc (Rosen et al.,
RITHMS specificity index
x τ is defined as:
is the number of tissues and x i is the expression profile comormalized by the maximal component value. For example, on profile '0 8 0 0 0 2 0 2 0 0 0 0' is defined to have τ = 0.95. finitions, for example, based on entropy or geometric conns, were pursued but found less robust in terms of sensitivity e profile component values.
patterns
defined the 'gap' index for each expression profile as the m difference between the two neighboring values in the sortile vector. When the same 'gap' was found more than once file, the first gap, between the smaller neighboring values t gap was taken. The 'gap' was used to convert expression into binary form. For those 8224 differentially expressed with a 'gap' of at least 3, expression above the 'gap' was ed as overexpressed (1) and the rest as underexpressed (0). of 8224 probeset profiles form our 'mingap' set. The remain-2 differentially expressed profiles were classified to the best g binary patterns detected by 'gap' as follows. The Euclidean was calculated between each of the 14 712 profiles and the pression profile of each of the binary patterns. The pattern to is distance was smallest was selected as the matching binary RNase A and Proteinase K and was then desalted using the QIAquick PCR purification kit (Qiagen). ChIP library preparation and high-throughput sequencing were performed on an Illumina Genome Analyzer II platform by following the protocol suggested by Illumina for sequencing chromosomal DNA. Sequencing performed were two biological replicates at 1x75bp strand specific for both H3K4me3 and H3K27ac, and an additional two biological replicates at 2x36bp for H3K4me3 by the Yale Center for Genome Analysis.
To control for the uneven background distribution, ChIP-Seq data was processed using a two-sample analysis model where both a ChIP sample and a negative control (input) were sequenced for each biological sample. With this strategy, the peak calling and FDR are determined by reversing the control and treatment data. Sequence reads were aligned to the human reference genome (hg19) using the ultra-fast short DNA sequence aligner Bowtie.
Sequencing depth for ChIP-Seq samples and input averaged 34.5 million and 32 million reads respectively per biological sample with >76% overall alignment rate. For reads mapping and ! 5! peak calling we used the Model-based Analysis of ChIP-Seq (MACS, coupled with PeakSplitter as described for analyzing histone modification markers).
DNaseI-Seq data generation:
Human endometrium stromal cells (hESC) were grown in steroid-depleted DMEM, supplemented with 5% charcoal-stripped calf-serum and 1%
antibiotic/antimycotic (ABAM). At 100% confluency, cells were induced to decidualized DSC by treatment with 0.5 mM 8-Br-cAMP (Sigma) and 1mM medroxyprogesterone acetate (Sigma) for 48-72 hours. Deciduaization of the hESC was confirmed by monitoring the specific gene expression of prolactin (PRL) by RT-qPCR. Chromatin was isolated as previously described.
Chromatin was digested with 2-3 units of DNAse I (Roche cat#04716728001) at 4 o C for 60 minutes. Reaction was quenched with 2x stop solution (1% SDS in 50mM EDTA) for 10 min at room temperature followed by a 1 min centrifugation. Following centrifugation the digested chromatin was treated sequentially with Proteinase K and RNAse A and was then desalted using the QIAquick PCR purification kit (Qiagen). Library preparation and high-throughput sequencing were performed on an Illumina Genome Analyzer II platform by following the protocol suggested by Illumina for sequencing chromosomal DNA. Sequencing was performed for two biological replicates at 1x75bp strand specific by the Yale Center for Genome Analysis.
FAIRE-Seq data generation:
Human endometrium was obtained under a UNC IRBapproved protocol by office suction curettage on normal women between the age of 18 and 38, all of whom had regular, cyclic menses with an intermenstrual interval of 25-34 days. All normal subjects and lacked signs or symptoms of chronic diseases, including endometriosis and none were using hormonal medications. Portions of endometrial biopsies were frozen in liquid nitrogen in the clinic and transported to the laboratory where they were stored at -80°C until further use, while the remaining tissue was fixed in 10% buffered formalin for paraffin embedding and sectioning. Cycle phase was confirmed by examining hematoxylin and eosin stained sections using standard criteria. FAIRE was performed as previously described (Simon et al. 2012) . Sequencing was performed using 36-or 50-bp single-end reads (Illumina GAIIx or HiSeq 2000). Reads were filtered using TagDust and aligned to the reference human genome (hg19) with Bowtie using default parameters. figures are built on length since it is more representative of a given TE contribution.
PGR

Region-Gene associations: We used the Genomic Regions Enrichment of Annotations
Tool (GREAT) (McLean et al., 2010) to associated regulatory elements with nearby genes using the default association rules. To identify ancestral and recruited genes that were expressed in hESC we intersected ancestral and recruited genes sets with the set of genes expressed in hESCs.
De novo Motif and TFBS finding:
To identify sequence motifs that were enriched in 'TEderived' regulatory elements we used a de novo motif discovery approach. First we used
CisFinder webserver (http://lgsun.grc.nia.nih.gov/CisFinder/) to identify over-represented short DNA motifs in 'TE-derived' regulatory elements using FDR=1x10 -4 , counting motifs once per sequence, enrichment≥3, match threshold≥0.9, clustering motifs by similarity, using the 
TE & Regulatory Element Correlations:
Our observation that specific TEs are enriched within PGR-, FAIRE-, DNase-, H3K27ac, and H3K4me3-Seq peaks could result from a genomewide bias for TEs to be located within regulatory elements. To explore this possibility we used a suite of permutation tests implemented in the GenometriCorr R package (Favorov et al., 2012) to determine if TEs and regulatory elements are generally located closer to each other than expected given uniform (random) genomic distribution and if so if they intersect more often than ! 10! 
